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the surface opc.rations  uplink  aTIcl  d(I\\IIIIIII1.

])roccsscs. Significant changes ill III( (I:itt
opcratioms  ]JlaIl  arc l ike ly  because  01 I):L
arliva] uncc]tain(y i n the SLI1 1’; [’:”
c]]~’ilol~]]]t>.l~t. AII cx[eadcd  missi(]]l  <}i 1111  I(I
Ol]c ycal is possible., w i t h  ttlc fUCLI\ [III
co]]tinad  USC. Of tllC scicmx it]s(l(llncll(~,  illlli

lo\’c.r.

F1.1(;]l’1’ SYS’1’NM ovlcl{l’1 l~,}t’

“1’l~c capahi] itics of t h e  MaIS l)ii(lll ][](icl
spacecraft, instru]ncnts,  and m~’~:]  aIL }.,1.’\
r e a s o n s  w h y  l o w  cost  opc.]iilioul~ ; I(

possihlc. ‘1’hc flight  syslcm pcI I(JI IIlS (1)1 L(,
dis[inct  ]nissio])s: cruise, MaIs  aIr II(JS]IIICI i{
catty  and landinx, and surface ()])(’lilll()ll S

I;igure  1 shows an exploded l’i(u tIl III(
spacecraft. “J’hc cmisc stage pcrfo] I I IS I I IOS[ 01
the cruise. functions, inclu(ii]l}’,  at[IILII.i(
dctcrmillation  ancl coJItrol,  l[lidc(~ll] S(

guidallcx,  lclcco]l]l]lLll]icatioI]s  aIId lmv (’I
gcllcra[iol]  usi])p, solar arrays. ‘1’t]c  (III I)
vc.tlic]c (includitlg an acroshcl], l)aI.1.~.11(11
parachu(c,  rctromckcts,  and ail lwI1,s) is Il$ti
[0 safely ])lacc (IIc. lan(lcr and rovLI (}I I 1 Ii[
sll~f:icc  of MaI-s. “J’hc lander  (I()~)(ili])s III(

cca[ral  clc.ctronics modLIlc (used to COIIII(JI ill
tllICC. ph:iSCS Of thC miss ion) ,  (Ilc 1 ii(lio ;{

rechargeable baltc.ry,  solar arrays, IIIC MI L’1,1.x

instruments, and the mvcr. J;iga]c ? SlIL~141:i  a
s c h e m a t i c  of tllc. lanctcr  in the flc~do~~(l
Cxmfigural  ion.

C o n c u r r e n t  cl]gincerillg  of tlIc ~lijlil
clcIncI~ts,  VJl~S and Mission C)]ICI al io~~s
Sys(cm lIas rcsaltcrt in a  highly  OIKI ;IIIIL
design. “1’hc spacecraft is built alould  d sill)’  I(
powcrfu]  COIII1)U ICI’ w h i c h  COIIII’()]S  [[IC
spacccraf[  and scicncc  instrullll.:t][s ‘1’llc
capabilities of this l,ora] R6000 cOIII[)IIII:I

a l l o w  ma]]y p]cviously  OnCI-OUS f, IOIIJIC!

a c t i v i t i e s  to bc pe.rformcct  oII-lN)aI(l III(
space.crafl. Specific c.xamples  aw (JI~ IJ{)2  I (i

mcI)loIy n]anaj’,cmcat (J~crfo] II IC(i l)) t 11(
commercial VxWorks  opcratinf}  s~stcII I I a I 1(I

high lcvct colnl]lan(iillg  (whit]] Icplafx:i III(
IICC(l for expandable blocks).  ~~li~,l]t  sol [\\i! I c

is also ab]c to aulonomcms]y  I)lAIlii/,C S(’YCI :il

kcy sJJacc.craf[  funct ions ,  inclll(iin~,  faIItl

jwotcctiol~,  closed loop thermal coIIII(Jl, IIi; II
gai]l  antcnaa pointing, attitude dc[ci m]llali(  III
and colll Iol, and control of all acti\’iti{’s
rctatcd to entry, dcsccnl,  an(i laII(il  IIf. ( Nt],’]

opcl  ilbility fc.alarrs inclu(lc a simple attitac]c
(’011(101 arcl]i(cctul’c  ( p a s s i v e  spin
st:il)iliy,iit~()]]),  ii[:nificant  power margins
(])iil  (ic.ulal  Iy du[ i]l~, c~misc),  a high capacity
l(GL:l  I: Irp,calIlc  tmtl(])~  and t]igh lc]cmctry rate
~apat)ililics,

‘IIIc I over NI~d s(ic.]lcc  illslrumcl)ts  have also
lwc]I dcsip,tlcd  v,itli operations in mind.  The
IL)VCI is a sr.]]li au[otlolmnls  vcllic]c [hat does
IIOt Icqui]cd  \I,IouIId- in-the-]oop control.
Rover tIavcIscs aIc. Jjlanncd using high ICVCI
It’ay])oillt  COIIIIIIaIId S w h i c h  t h e  Iovcr
i[ltc]l)Icts aIId ])CI folms in a  closcct loop
IIIaIIIICI.  Rovcl  - la IIdcr c.o]l]]llLlllicatioIls  arc
cc)n]]~lctc.ly  allto]]o]nc)us,  wi th  the  rover
SCI t’il]~, as IIIc. link c.ontrol]cr.  ‘1’hc lmagcr for
h4ajs l’athfindc]  (lh4P) has been clcsigacd
wit]] C1OSC(I 100])  tcn~pcraturc  control for the
(Xl ), at)(i can tx: poinlcd  in a wide range of
dii”fll  cnt coo]dil]atc  systc.ms. ‘J”hc o t h e r
scic]lce ills~ru]])crlts  arc ]clativc]y a relatively
silll])lc  lnclcololoj:ical ]Jackagc  which does
IJot Icquirc a c t i v e  COIIII’0]  and an A]pha-
l’loton-Xray”  S]w(:trolnc.tc.r  ]ocatccl  on t h e
lo\ ’cl .
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‘1’hc Patllfin(lcr Grouncl  IJata S? IS1(III  i s
d e r i v e d  f r o m  t h e  JP1. inslltutioll;il
Multi] nissioli  GrouT~d IIata SysIc II~. ‘J’l]is
inhcrital]cc was m a d e  possitllc tly
ccmslraining the flig,ht system to fo] low  iI ft w

SiIll]J]C tC]CIIIC(l’y  a n d  COJll II Ian Cl f(~l  Illi[

guidc]ines  (such as  the  usc o~ (:(’S1 JS
standards). ~’his approach rc.duccs tl}f.. (:0:.1s
associatc(i  witl I GIIS dcvcloplnc[l(  ;~w(i
enables GIN pcI-soIIIIcl to focus 011 bllil(litl{~

a d d i t i o n a l  opcl ability  fcatu]cs  illt(} IIIC
sof[warc. Cmsicicrablc cffor[ has IKCII II IWIC
to simp]ify the user interfaces and  iIIt(jJI ii[c

the systcm into a unified control systc IIi A’. :{
result, han(ls-on usc of lhc GIN lo(~l~(t  is
now possible without the need fol a I;II II,(
staff of toolsmi[}]s.

‘1’hc uplink  clc.mcnts of the GI)S lIavc tw(t~
integrated under ti single G):i])])icii! I ISC.I
]ntcrfiacc drivcll  control shcl]. ‘1’tlis :stl,  II
provicics tllc ability to pcrforln  cIld-1(1  rlI(;
plannin~,  y Sc(]llcncc,  a n d  (’(~lllllliill(~

capabilities. l’logram to profy alII illt(l [:1 (
issues have been virtually climillatc(],  all(i
operators arc fre.c from file m2)113j I,(I I I( III
conccms. A sophist icatcci planl~il)~ tool tl,i~,

bCC1l dCVCl OpCd for surface Opcra(i(lils  illl(i

w i l l  l)eI forl]l Itlost of t h e  I’csourcc
llliiI)ii~CJllCllf funct ions .  IIigh  f ide l i ty
s])acccraft  bcl)avior  II Iocicls  h a v e  b e e n
illCOl  j)ol’akd illtO t}lC. CO(]C tO l’CdLICC  thC I)CCC]

f(u subsystem il)t(u action. III aclclition,  a very
ca])al]lc. ilnap,c ]Ilanning tool  has  been
(ic~’clo}m(l  al ouIId a soflwarc mode] of the
1N4 1’. ‘J’liis tool can plan I)anoralnas,  gcncratc
camc I a con~lnall(is  and graphically show the
rcsultili~,  image.s. ‘1’hc. same process was
lKIfOI mccl I)y haIId (iurinf,  the Viking mission
lIy a lar~c g,rou}I  of ilnagc  analysts. All uplink
1)1 o~,I anls arc. table (ilivcn to allow for easy
lnail]tcnancc.

‘JIIc (iow[llink elCIIINItS  of the GIM have also
l)CCII up:, I adc(i to provi[ic sophisticated
tcl(:ll]c.try llall(iliI]f,  ca])abilitics.  IJcsidcs  the
st~[l(iiil(i tc.lcmctrs  j)rocc.ssing  and d isp lay
(al)al)ilitics,  the ~)lojcct  has dcvclopccl  a
s])c.cia]  tool to t] acli tiIc state of the spacecraft
aII(i  ])rovidc quick asse.ssmcnts  of the systcm
ICvcl pcrfmmallcc o f  t h e  vc.hic]c.  AI)
aulo II latc(i  systcl[l l]as bcc.n (ic.vclopcci  for
[Iacl;  itlp, (iiil:i  l)ac. kc. ts an(i r e q u e s t i n g
l(ll:illslllissi(~ll flol)) tllc spacecraft. Scicncc
ilIlaf,r proccssinp, is pcrfomc(i  by the
illstit(ltio~)i~l  Mul(i~)lission  lmagc  Process
1 ,alxu a[ory usinr,  cxis(in:, capabi]i(ics.

{



MISSION O1)ICRA”I’lONS SJ’S’I’I hl
AI< CIII’I’IC(:’J’[  J1<IC

‘]’hc. Hlissiol)  operations sys[cln a[clii(~(.[,lt~
foJ’ h4ars ])athfindcr  i s  a rat]l(’1 fiisti~i( [
chqw(llrc  from ICCCI1l Jl)l. expel icl Kc. ‘J t Ii. i’.
in part duc to [IIC u n i q u e  ~IatI[]c  t)f 111~
l’alhfindcr  lnission, but is also dlil’(il l)>
solnc kcy projcc(  cbaracte.ristics.  ‘1’1)[ sc
include:

●  ‘]’h C dCsirc  and abi]i(y (O USC 2 [’01(” S1’[ of

pclsol)ncl  tbmugh a l l  pr[~jml  JI}Iti\I s ,

il)clll(lillg  (lcl’clol)lllcllt,  tcs(, and o])c]ti(iol]l
●  ‘1’hc nc.ccl  (0 d e m o n s t r a t e  a  lo\\  cflsl
approach to mission opcra(ions  wlli(:ll  [it]] lx
usc.d on futurcplanctary  missions
●  TI]c rcquircmc.llt to complctc all l]~issioll
opc.rations  ac(ivitics  during  the ]HIln:)Iy  :Il)(i

cxkmdccl n)issiolls (through Au~us( ‘98,) 101 it
total of $14 M (RY)
●  ‘1’hc des i re  [0 jnaximi7s.  tbc scic]lt.i  ail[i
tccltllolo~:y lcturn of t h e  lnissioll  )!i[ll(wl
driving o]xmtiol)s  costs

'l'llclllissi{~l  ]{)]>c.latiollssy  stc.Illlljall)usl  SUIIS

these  rcquircmc]lls  uses a “skullkwo]k,’”
concc])t  in which operations alc ]IcIfoIi  IItd

wj~]l mininla] formali[y ii II (.I

colll]~artlllc.lltaliz,atioll.  ‘J”hc aSSOCii{.lCd t(’a}II

s(ructurc  i s  rclalivc.ly  flat wi(ll ]lli]lilll,{l
clcpcmtcnccon  illtc.rlllcdiatc  lllal]ag,(ll}cli[  att[l
intcrfacc posit iol]s. The focus of this IL.;II]l IS
smal l  gyoupofpcoplc  w}~oarcclll]~(]~t(lt[l
to pclform all Iccy opcraticms activitic.s.  ‘1’1 w+
indiviclua]s,  c a l l e d  l;ligh[ lin~illc.c]s,  a~c
cross-traincct to obtain a gcllcl,ll

unctcrstancting ofthc mission, payload,flifil II
systc.m a n d  ground  systc.m, ‘1’I)c l;lij’,}lt
Ihginccrs  arc rcsponsib]c  for da)-to d:iy
opcl:i[ions  and q u i c k  rcactioll  allo]ilal~’
response. 111 addition, tbcy wo]k dilcitl)’
wi(b the scientists and tccbno]op, ists tf~ ~)l;III
[l]csLlrfacc ]llissi[)l~.  ’l’t~cl~lig,l~t  l;lly,ilmcl~ ;~Il:

also responsible fol coordina[illp,  211 u])lilll<
and downlink  activities, includinf,  ha II(l\ (JII
Usc of tbc GI)s too]sct.

I’hc 1 ‘light  I;nSinccrs  have genera] kIIOM l({lf,
o f  ttlc.  fli~ht a n d  groun(i systcll)s,  lIiIl ;II{

suppor[cd b y  subsystcm  specialist,  ~ v)itll
dc.tailed knowlcd~,  c. Subsystcm  cl]~,ilm.ls  ;it(
rcsponsib]c for nlaintaining  and U])p,l,i(i){il’,
the GIN and sjmxcraft  analysis 1{){)1s  III

addition, subsystcm analysts arc ]1(..cilc(i  [1}
]>crfollllo  ff-lil~c] ~cJforll~allccas  scss)llc’111  ;lIIli

,?

et), II] sori)ccascs  (particularly
]]avif’,  atio Ii), t h e  Sllbsystcm
Ii IK directly involved in the

ol)~jatiol]s  j)loccss  d u e- to  the i r  IIighly
S])c(ializc(i  knoivlcdp,c. Subsystcm  engine.crs
wili also ~)lay a kcs m]c in al]alyzillg
allot[lalics  im(l (Icvc.l;q)ing rcsolutiol~  anfi
W’olkaroun(i  plall$.

‘J’hc. tt]ird  coIII]mlIcIIt  of the flip,h( team is the
~,l{~u])  of sc.icli(ists, cxpcrimcnl  cnginccrs,
slid (ccllllo]op,  is(s wbo l)crfom the. mission
illvcstigatiolls.  ‘1’hcsc. individuals form a
sillp,lt’ lixpclilnc.111 ‘1’cam which includes tbc
il]stl ummt tcams, the ]mrticipating  scicn(ists,
iilld 1}1 C  I(IVC. I’ o]wl at ions tC.:iIll. “I”h C. kCy
ICs])ollsi[)ili{i(:s  of tt)is ‘J’cam  arc to dcvc]op
ol)clatiolls  ])la])s that sa t i s fy  the  kcy
Cx])clillmnt  ob]cclive.s,  work with (hc };ligbt
lllgirlccls [0 dcvcto])  ancl  implcmcnl  tbc
m:cssal-y colnrtla]](i  scqucnccs,  monitorancl
IIlailltain  ttlc IIc. alth o f  thr. r o v e r  and
illstlumcl)ts, al]d ]mform cxpcrimcnt d a t a
al~alysis.  An assurllp(ioll inbcrc,nt  in the Mars
l’alhflndcr o]mlations  concept is that most
ll]c. ntl)crs of tbc. IIxpcrimcnt  ‘1’cam arc  in
lcsidrt)cca(  ll>l. ~llllil)gk  cylllissi[)ll events.

~’t]c final lncmt~cls of the flip,ht  team arc
lc])rcscntativcs  floln  [)[l)cr Jf)l. orgallizatiol~s
dc.dicatcd  [o su]q)o~-tin~  M a r s  Patbfincicr
o]mr:~tiol)s.  “J’his ilwludcs  support pcrsonnc]
flom (Iic hlultill~ission  lmagc  Process ing
l,nlm]atory  (])crfolming scicncc d a t a
];] occssillp,), 1 )CCJ ) Sl)acc. Network operations
(cool dinatills  tlacking  suJJport  f o r  t h e
plojcco,  and tlm illstitu(ional  Multimission
CiIou IIct IIata Sys[c.Jll  IJata Ilclivcry  Teams
(])lovidinf,  tile. ifitclfacc  bctwccl] tbc project
G] )S :ind the 1X3N data systcm).

l;i~,ul c 3 shows tl]~ (ictai]cd  team structure for
Mars  l’atllf’illdcl’, including maximum
u’orkiorcc  cstima[cs.  l)ct:iilcd  cost estimates
sl)ow that tl]is lclcl  of staffing satisfies the
full(li]]f,  comtl aillts  with ac.cc.ptab]c  margins.

01’)tRA’l’loNAl.  I’I{OCIMSJN

‘1’l]c 1)1 ojcc( lias dcvc.loped top-level proccsscs
(o(lcll llclloti’t llisol~al~i?atiol]”  will opcra(c.
‘1’tlcsc ]mccsscs  diffm dcpclldins  on whether
tbc sl)accclafi  is in c r u i s e  o r  ]andccl
o])claliolls.
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Cruise operations arc charac[c[  i?{;(i  Ily
relatively ]Ollg quiescent pCri Ods  ])illl(’lllilll (1

by a fcw key activities. 17igurc  4 sl)o\\s :1
timclinc  of the key activities ]JmfoI llw(i
during  cruise. Se.vcral  backgroun(i  dovjlli]jk
analysis functions arc pcrformwi  tl~lou~’,llo:ll
cruise, including real-time tclct]lctl  s
monitoring,, spacecraft subsyslctll  II[a]l tt
monitoring and analysis, payload  lI(all It
monitoring, an(i ana lys is , altd ~~lt)ll
determination. lJplink  activities occt}~  ii

su]qmrt of ttlc pel iodie special activit ics ‘1’1 ,1:
space.craft does not require a l(]lt~’, [m J i]
runnin~  scqucncr  to operate, so (l)c ]JI ~),i(’{  1
has chose]]  to illl])lcmcnt a millis((;ll~li(  :
driven  pl occss. liach  key activ]l)  i.
performed using a silnple mitli- scqu(llc(.
“1’hcsc mini-sequences can either bc slol c{ i 01 I

the spacecraft (in the case where an ac[i~ity i,;
p e r f o r m e d  multi~~le  tilncs)  OI laII t)(
dCVC]OJ)Cd an(i uJ)linkcd  Whc,])  ~, IO Nlll.1
intcractiotl  i s  requi red  ( in  Ihc c:isc (J1 ;I

trajectory correction mane.uvc] wllej L lj]l.
m a n e u v e r  (icpc])ds on the mosl  Ici(IIl

navif,ation  data). ‘1’llis near real tim  p ~),.t’s’
is possib]c bccausc there arc rclat il’cl~’ 1 t.u

,.>

a(:l ivilics  to ]mrforJIl  aa(i because scqucneillg
lli~,h  level CO]))  IIiaI-idS  is qui[c simple.

~ul face ojwratio]is  ]’j occsscs

SLII face opclations  arc considerably more
cllallc.ngins thal~ cruise because of ttm level of
et)l’ilol]lllellt:il ullccltair]ty  and the spccct at
w})ic}]  (iccisions  ]nus( be made. As a result,
t])c ])] Ojcct  Ilas s]mllt c~nside,rablc  effol[
(icflnil]g (ie(ailc(i opc.ra(ional  proccsscs.  A
T1lIIIII)C.I Of tilnc cliti~a] a c t i v i t i e s  a r c
pc[fol Ine(i ciurill[: tllc first ciay of surface
olmralions  (callc(i Sol i). ];igurc  5 shows a
fiowcllal t of tl]c. II I:IjOI  spacecraft and ground
ac(ivi ( ics rex]u irc(i bet wc.cn lan(iing an(i rover
cic])]oy. A I) UIIIbC.I  of kc.y ciccision  points arc
apJmJvllt, lIIC]Udil)f, W]lcl}lcr  to unlock the
calnc] a llcad,  cic])loy  the high gain antenna,
u]lfu]  1 the rovcu (icp]oy I amps, and Cicploy
tilr ro}’cJ. l’]ojccf  ])e.I son]Icl  arc cicvcloping
(ictailc(i tc.lc.lnc.hy evaluation criteria needed to
Jnakc  each  of (hcsc [ic.cisions.  l’hcsc criteria
fol II] a checklist Jvltich slloui(i allow timely
a[ld illfornlcxi  (iccisions.  M o s t  of t h e
sequcllcc.s  nc.c(icxl  to cml(iuct these initial
aclivilics  (cxcc.l)t  loJ (ilc actual rover deploy
Scqllcllce,  wilicil  ci(:])cll(is OJ) the tcJTaiJ)
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Cll:tl:lctc.li  sties) wi l l  bc l o a d e d  oil 11].
S]) WTl:if(  bCfO1’C CIl(I’~. ‘] ’hC.SC. SC(]l~t’  1) ’(’~
Ilavc bcclI dc.signed [0 bc rcsilicnl 10 (ILI; IY. i[]
IIIc. dc.cision  process, and to pIo\iLIL:  fill Ii), {l.
options ill case of contingency. (’OIIIIIIi III,l

ac.  tivitics sl)ould bc  prillcipal]y I]]) IIILJ [I I

activa(in:,  (hc.sc. s(orcd scqucnccs.

‘J’hc sLlrfacc operations process :If t(’I J (), c

dc~)loy  cllangcs  significantly fml)l ,S01 I ( lli(.
major ciiffcrc.ncc  is that there. is OJUI)’ (1111
colnmand cycle each sol instead of SL:\ILI ,+1
‘J’hc dccisior)  poccss  b e h i n d  cac.1] of Illtst
comll]aml  cycles is more complex, 11101  L(IIII
bCCallSC  IIICJ’C al’c 1I101C choices a\’i{il~lll(  tlI; ill
011 sol 1. ‘1’hc fundamental assulllj~li,jll
behind the norlnal surPdcc opcrati{)lls  1)) (x( s
is that small changes in the, daily ()]XOI  :~[i(~ll:,

plan arc likely mch day. Cl)an~,&  alc Ii ktl~
bccausc  our knowledge  of the clllil(~lll rl<  III

ancl ]andc] response will improve witl I 11111(
and bccausc  the rover provides ;I IC tf~l l,)j
flcxibili[y to t h e  s c i e n t i s t s  Il)al is
tlll]JI’(’.cc(ic.  Jltccl,  “J’hc high level obicc(i  V(’S t ~f
the ]nission will not Aangc,  lMI[ lil~ s]):(il  I(
image  SC( S ,  rover t raverses,  aIII.1 AI))lI I
Proton-XI ay spcdromctcr  data srts w’] Ii(l) ;] P L
collc.ctcci wil I ccr[ainl  y bc modific.(i.

J;jgure.  6 slmws a ]Jroccss timc]illc fol IIOIJII l]
surface  opcratiol)s.  Jlaily opcraliol)s  oi (lIC
]andcr  and  I over occur  bet wccn abo~ll  (> it I 11,
and 3 p.m. (1 ,oc.al Solar l’imc at llM: lall[lcl  ).
Thcrma]  condit ions prevent si+:nifl(;~l  I(
opclations before 6 a.m., and the 1 kI [II SCIS
bc]ow the horizon at about 3 p.JI), ‘1’hc  (Iilil }

cOmmand s e s s i o n w i l l  gcr]c. J:+ll~I tc
pcrformccl c.ac,h morning (for about  1 ~ 1( ~1~ I :,
ancl m o s t  o f  e a c h  d a y ’ s  clata \till t~;
tclc~nctcmd  during a three houf ]MSS j~vt
before I;arlll set. l;ligh[  team activities Sta I I

with the receipt of each day’s tclclll~’lly  (Iat
‘1’hc team lMS approximately 16 lmlIs Ix1’(u i
commands for the next day’s activities II ILI:. (

bc radialcd  to the spacecraft (the MaIs tl:Iy ).
about  40 nlil)u[cs  Jol~gcr  than the lio 1(1 I (I; IY I,
‘1’hc majoI  activit  ic.s performed dIJri Ii/1, 1 il~i 1
period arc to perform an assc,ssll~c]]l  of Ill,
lander and mvcr’s pcrformancc, t ciicif  {I II(.I
possibly u]datc  tl]c. ncx( day’s nlissioll  ],1,11 ,
modify the rover and lander sc(juc]l~~~
validate these scqucu]ccs,  and up]il)k  t} I(” III  I( ~

{hc lander.

ACCLII:MC  asscssJJnt  of Ihc spaccml  I SI;III i..
a prcrcxluisi(c  fol cacti day’s plaljltill[~  :~]]t!
scqucnci  J~p,  a c t i v i t i e s .  A  systcIt I ‘l(\cl

j)c]s~)cctj\fc  IS II C. C(IC(I, t)ccallsc  (1]C
subsyste.nls aIL lIighly intcgtatcd. ‘1’his i s

]):)1’(icllla~’1~  t)\l C o f  ]mwcr an(i thcrma]
( ’ 0 1 1  (1”0],  \i’iliCil  dCJW1lCi  Stl’OJl@y OH thC.
oj)ci:ltioliaJ  sccj)alio  aIId (1)c s t a t e s  o f  (IIC

otl IcI t)ajci~valc (’olnpollcnts. A n  in(cgra[cd
cllp,illcclill~,  ass~)ssmc.nt  task h:ts b e e n
idcl]tific(i as a kcy clc. Jncnt  of the ovcral]
(I])cl atioJls ]) I”OC(’SS. ‘1’his  task is pcrfomc(i
il]~nlcctiatc]y  af(cl (cJcmctry  is rc.ccivcd t o
])lo~’icic a quick-  l o o k  :isscssmcnt c)f ti]c
$])il(’CCl[lft.  ])C~allC(i  Slll)SySICJll  aSSCSSJllCIltS
of IIIC tclcn Ictry at L also l)crformcd  in ]wallcl
ovc.t a lonjr,c[  Iilnc pcrio(i. ‘1’his c]uick-]ook
awcssJncllt  jllm]) stal”[s  tile Subscqllc.nt uplink
])]:l]llli[l~,  J) J”OC(:ss all(i quick  a n o m a l y
IuSJX)l ISC.

‘1’l)c first aclivily ill ti]c (iaily u]dink prc)ccss is
10 rci)lan arl(i u~datc. (hc overall mission
s(’cn:{i  io. ‘J’llis arlit’i[y is potentially the most
tiinc (onsl]minp,  bccausc it requires (ictailccl
Ilcp,otialiolls  bc[wccn scic.ncc,  rover, and
lalldcl  Cngi]lccv  il]p i>cmnincl.  ‘J’hc project has
at(cJl]])tc.d to s(tcalnlillc  this activity by
coJlsolidati]l~  aii Cx])crilncnt personnel into
OI)C tran), ci]l~mwci  irlg (hc flight cnginccrs  to
v,’o]k (liTcctly  with li]c scjcntists  (eliminating
a5 ]nuch to])- (iow]~  njanag,cmcmt  involvement
a s  ]~ossii)lc)  al](i i)y using a sopl~isticatcct
planning, tool uitil (ictailc(i  spacecraft
bcl]avioral  Inmicls.  “J’ilis tool rcctuccs  the
nu]) ]Iwr of ilcralioljs  nc.cxlc(i  to develop a ncw
pi al), an(i also ]N ovidcs a ncalt y comp]ctc
col]lllmci  SCqLIC.JICC.  (kmbining  the planning
anti scc]uc]]cc dcvclol)Jncnt step greatly
rcduccs  t h e  til]lc f]cccicci  f o r  scqucncc
illtC.#  :itiol). ~)J)CC. SC(]UCIICCS  h a V C  bCC1l
col]q)lc.tc.ci,  tile c] itical OHCS will bc validatcci
01] a liigh fidelity iIar(iwarc  tcstbcd,

01’1il<A’1’JONS ‘J1]~SrJ1 A N I )
‘J’RAININ(;

Oj)cra(iol)a]  ])loccss validation is tllc princip]c
objective  of aII (xl)austivc  M(M tes t  and
tr;illill?,  pmp,IaII) l)lanncd  for the period
bc.t~vccn  J u l y  1996 an(i l>ccclnbcr 1996,
thl ON II,II  cxttaustivc  test ami trainil)g activitic.s.
]’]:tllJlill#,  iS U1l(iC.l W:ty fOI a SC~ Of  fLl]i-U]J
o]wlaliol)al  Ic.l)calsais ti]a[ will bc conductc(i
usiltf~ Illc fli~,llt  ltaldwarc  tcstbc(i. ‘J’hcsc  tests
arc a con~])o])c])t  o f  tl)c project’s r i s k
Jnitif:a(ioll pl:tll, ill ti)a( i)oth nominal anti
collti Jlj’,cJlcy  Scclt:ll  ioS wi]] bc cxamincci.
l’mjcc( l)cl soIIIIcl arc cunc])tly  (icvcloping  tile
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.’ d e t a i l e d  opcra(iona]  procc.durcs  tlI;Il ar(
nccdcd  f-or thcsc Ics[s.

J:lig,ht tcal~]tlaillillgi salsoak cy(lclll([l[  (.)1
(I1c Mars Path finctcr operations ccIJIcc.111

Altllougl)  ail operations pcrsot]nc.]  ]);irt]ui]):i[((f
in dcvclo]mcmt  and lcs[, some UOSS-1] ait~illj.,
will nc.cd to bc performed to P.an)ili;ll  iz,c t II( tt 1
with all aspects of operations, ‘J”llis  is
cspccialiy  lruc of’ the l:light  lhlgiltccl  >, w~lo
need to have broad know] cctgc of’ Itlc (ri(l~c
flight  and ground systems. A SC( of l(:lT IICI
focuscct training sessions is c.urlclltly l~til~f’
cicvclopcd  and will bc complctcd  tjy, (Ilis
summer. Some formal ~]IjS tools(’t  [] ;il tji i t~!
is also rc.quircd,  bu( most mc]nb~]s of l~lc
flight team arc p,ct(ing hancts-oll  CX]JCI  icr)[c
using thC. CillS (iuring the spacccl ill I It fl

pro~ram. On-going tca]n trait~iftf’, IIIiIy I)(’
rcquirccl during cruise, but the S} IO] [ ]lli~sio~l
duration shou]d  mean that the SaIIIC co; t’

flight tca]n w i l l  rcmairl throuf, t]oul tllc
prin~ary  nlission.

‘]’hc autl]or would like to ackno~vl~xlj’(  IIIC
members of the Mars IJathfinctc]  I’I c)icc’t i~fl  I()

have been ins t rumenta l  in dcf’l[]i]){’  [IIC

mission operations architcctul  l’. ‘1’llis
includes, but is not ]imitccl  to, Wallace ‘J’:ii,

Al Nakata, Al Sacks, Bill l)ias,  ;tlld  (;I( ~,
Ka~,~,.  ‘J’hc activities ctcscribcct  in {his  ]~al)i.j

was performed by the Jet l? f}])~llsi(~t~
L a b o r a t o r y ,  (~alifornia  lllstitutc.  of
Tcchno]ogy,  under contract with the Natic~tltl
Acronau[ics  and Space Administration]).
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